Intel®V Tune Profiler and Intel® Advisor
Overview

PH]TT7T EocdHG! K

Intel.



Agenda

Intel® VTune Profiler
overview

Intel® VTune Profiler for
GPU

Offload Modeling with
Intel® Advisor

GPU Roofline with Intel®
Advisor

intel.



Using Intel®Analyzers to increase performance
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Intel Analysis Tools for GPU Compute

Intel® Advisor

A Offload Advisor

A Identify high -impact opportunities to offload
A Detect bottlenecks and key bounding factors

A Get your code ready even before you have the hardware by
modeling performance, headroom and bottlenecks

A Roofline Analysis

A See performance headroom against hardware limitations

A Determine performance optimization strategy by
identifying bottlenecks and which optimizations will payoff
the most

A Visualize optimization progress

A Flow Graph Analyzer

A Visualize your CPU/GPU code and get recommendations
for the CPU device

Intel®VTuneE Profiler

A Offload Performance Tuning

A Explore code execution on various CPU and GPU cores
on your platform

A Correlate CPU and GPU activity
A 1dentify whether your application is GPU or CPU bound

A HPC Performance Characterization

A Identify whether the OpenMP application
offloads work to GPU effectively

A GPU Compute/Media Hotspots

A Analyze the most time -consuming GPU kernels,
characterize GPU usage based on GPU hardware
metrics

A GPU code performance at the source-line level and
kernel assembly level
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Intel®VTuneL Profiler
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Intel®V Tunel Profiler GUI: quick overview

Intel VTune Profiler

AGUI provides 3 panes to configure the
analysis:

AWHAT is used to specify an analysis target

e Launch Application ~

AI'I OW |S Used to se I ect an an aIyS|S type Specify and configure your analysis target: an application or a script o

@ GPU Offload ~

PU iGPU on your
i t TI f offloa i _;I ) the UF’U
p[l atio CPU GPU bound. Lea

VTune Profiler documentation: WHERE: Analysis systenWHAT: Analysis Target

and HOW: Analysis Types e @ ) B



https://software.intel.com/content/www/us/en/develop/documentation/vtune-help/top/set-up-project/analysis-system.html
https://software.intel.com/content/www/us/en/develop/documentation/vtune-help/top/set-up-project/analysis-target.html
https://software.intel.com/content/www/us/en/develop/documentation/vtune-help/top/set-up-project/analysis-types.html

VTune CLI: quick overview

ACLI has its own help with several Termina .

File Edit View Search Terminal Help

IEB\/EBIES: [~1$ vtune --help

Intel(R) VTune(TM) Profiler Command Line Tool
Copyright (C) 2009-2820 Intel Corporation. All rights reserved.

Avtune -help
Avtune -help collect

Usage: vtune =<-action= [-action-option] [-global-option] [[--]
target [target options]]

Type 'vitune -help <action=' for help on a specific action.

Avtune -help collect gpu-offload

Available Actions:

ARun CO”eCtlon collect Choose an analysis type.
collect-with Choose a collector.
= command Issue a command to a running collection.
AVtune -CO"eCt <anaIyS|S_type> <target> finalize Re-finalize the result.
. help Display help text.
- import Create a result directory by importing ...
AGenerate a report report Generate a report with the specified name.
version Display product version.

Avtune -report <report_name> -r <result_dir>

VTune Profiler documentation: Command Line Interface
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https://software.intel.com/content/www/us/en/develop/documentation/vtune-help/top/command-line-interface.html

GPU offload

=5 % P & OGO Welcome roo7go *

GPU Offload GPU Offad + ® 117

Analysis Configuration  Collection Log  Summary  Graphics  Platform

AHelps to identify whether the Sesamendaters

GPU utilization is low. Switch to the M-Up v for in-depth analysis of

ap p I I Catl O n Offl O ad S WO rk to G P U E?f-;tal\;g;;:ty Poor GPU utilization can prevent the application from offloading
" llediidle:99.
effe Ct I Ve Iy . EII;I LT:Tr]i::riiad:teclt simg]z ?c:nel issues. Use

ACan be used to profile OpenCL, E.a,;sed;ime o
LevelO and Intel Media SDK based Gy utizaton :19.0%
applications or DPC++ and OpenMP Hottest GPU Computing Tasks

This section lists the most active computing tasks running on the GPU, sorted

ap p icati O n S th at Offl Oad WO rk O n by the Total Time. Focus on the computing tasks flagged as performance-
critical.
Intel GPU. compuna ek T ST i "
- T _. ~tr - : I'} =i

0.197s 98.6% 16,384

WA is applied fo non-summable metrics.

VTune Profiler documentation: GPU Offload Analysis

Collection and Platform Info
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https://software.intel.com/content/www/us/en/develop/documentation/vtune-help/top/analyze-performance/accelerators-group/gpu-offload-analysis.html

Optimize your GPU usage using Intel®V Tune Profiler
GPU offload

This analysis enables you

GPU Offload (Preview) GPU Offload (Preview) ~ @ [ INTEL VTUNE PROFILER o

Analysis Configuration  Collection Log Summary  Graphics  Platform

Elapsed Time = 2.017s Identify how effectively
GPU Usage “: 47.8% &

Use this section to understand whether the GPU was utilized properly and which of the engines were utilized. |dentify the amount of gaps in the GPU yOur appl |Cat|0n uses
utilization that potentially could be loaded with some work. This metric is calculated for the engines that had at least one piece of work scheduled to them. D PC
++ or OpenCL kernels.

GPU Usage
GPU Usage breakdown by GPU engines and work types.

GPU Engine / Packet Type GPU Time GPU Utilization EXp|OI’e G PU Usage and
Render and GPGPU 0.964s analyze a software gqueue

Unknown 0.964s 8% fOt‘ G P U engines at eaCh
moment of time

*N/A is applied to non-summable metrics

Packet Queue Depth Histogram
Packet Duration Histogram

Hottest GPU Computing Tasks

This section lists the most active computing tasks running on the GPU, sorted by the Total Time. Focus on the computing tasks flagged as performance-critical.

Computing Task Total Time Total Compute Time Total Transfer Time (f)
Matrix<float> & 3.980s 0.961s 3.019s
clEngueueReadBufferRect & 0.000s 0.000s 0.000s
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Optimize your GPU usage using Intel®VTunel Profiler

GPU offload

GPU Offload (Preview) GPU Offload (Preview) v @

Analysis Configuration  Collection Log Summary  Graphics  Platform

Grouping:‘ Computing Task

1024 x 1024 960.918ms 960.918ms
clEnqueueReadBufferRect 0.001ms 0.001ms
[Outside any task]

# | Thread
« [l Running
« s CPU Time
¥ wa Spin and Overhead

« GPU Engine
Render and (JF’

¥ [ User Tasks

¥ = Computing Task

¥ GPU Execution Units

GPU Computing Threads Dis... 2SI )
< e Active

DRAM Bandwidth: package_0 ¥/ GPU Computing Threa
# ~~ Computing Thread-
GPU Frequency . # ~~ EU Threads Occup

Use the GPU offload features
Intel®VVTuneE Profiler to see
how effectively we are using
our GPU.

VTune Profiler shows a
synchronized time line
between the CPU and GPU.
GPU offload does indicate
that our GPU execution units
are stalling as indicated by
the dark read bar in our
timeline.

intel

10



HPC Performance

=53 b & OO O | welkome ro00hpe

n HPC Performance Characterization HPC Performance Characterization ~ & 17

| n
‘ h araCte r I Z atl O n Analysis Configuration  Collection Log  Summary  Bottom-up

Elapsed Time :5.757s

AHelps to identify whether the e

Time : 50.2% (2.890s) ® of Elapsed time

OpenMP application offloads work
to GPU effeCtlver Effective Physical Core Utilization :

11.4% (0.458 out of 4) &

AThe main difference with GPU GPY tization when Busy : 47.9% *

Active : 47.9%

Offload analysis Is that the data Is o

collected through OMPT interface. oot e .24 o) dusdine

Data Transfer: 0.0% (0.000s)  of offload time
Overhead: 0.0% (0.000s)  of offload time
Top OpenMP Offload Regions

GPU
Utilization
when
Busy

Offload Percentage of Data

Time  Elapsed Time Transfer Overhead

OpenMP Offload Region

50.2% 0.000s 0.000s 47.9% R

0.1% k&

VTune Profiler documentation: HPC Performance
Characterization Analysis
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https://software.intel.com/content/www/us/en/develop/documentation/vtune-help/top/analyze-performance/parallelism-analysis-group/hpc-performance-characterization-analysis.html

-
GPU Compute/Media e e

GPU Compute/Media Hotspots (preview)
-

l GPU Compute/Media Hotspots

Hotspots SiE
Analysis Configuration  Collection Log Summary = Graphics

AAllows to analyze the most time-consuming |kt
GPU kernels, characterize GPU usage basec |
. . . EU Array Stalled/ldle : 26.5% &
on GPU hardware metrics, identify

bound applications. Explore typical reasons for this kind of inefficiency listed below.

performance issues caused by memory

Identify whether performance of your code executing on the GPU is bounded by

latency or inefficient kernel algorithms, and

Hottest GPU Computing Tasks Bound by GPU L3 Bandwidth

an aIyZ e G P U i n Stru Cti O n fr e q u e n Cy p e r EE'SU Sf:f?;;::lll {Iili:l:{.htll:e Sr:;rctnz'tj al:?;i\t‘rﬁécTogt]glu“triigiget.aSKS running on the GPU with high
Total

certain instruction types.  omwww @

- 1.000

Sampler Busy : 0.0%

FPU Utilization : 39.8%

VTune Profiler documentation: GPU Compute/Media

Bandwidth Utilization Histogram

H OtS DOtS An aIVS | S Explore bandwidth utilization over time using the histogram and identify memory

objects or functions with maximum contribution to the high bandwidth utilization.

Bandwidth Domain: | GPU Memory Read Bandwidth, GB/sec v
Bandwidth Utilization Histogram
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https://software.intel.com/content/www/us/en/develop/documentation/vtune-help/top/analyze-performance/accelerators-group/gpu-compute-media-hotspots-analysis.html

Optimize your GPU usage using Intel®VTune Profiler

GPU hotspots

Bandwidth at
multiple levels

Active vs. Idle EU
activity

GPU Computi h Hotspots (preview) GPU Compute/Media Hotspots (preview) » @

Analysis Configuratio
Architecture Diagram | Platfiol

ollection Log  Summary  Graphics

Busy: 0.0% 8e+8 Misses/s

Bottleneck: 0.0%

Vi
yi
< 0.00 GB/s

Active: 67.5%
Stalled: 32.5% &
Idle:  0.0%
94K Threads/s

Miss Ratio 33.0% /__/" '-\__\__
’\ 48.69 GB/s :
'\._\.. ]—l/_./
1—r

/ SLM
/”
147.41 GB/s Total ®

Utilization: 0.0%

Grouping: | Computing Task
. Computing Task
Computing Task
MatrixMultiply2 4096 x 4096 \ | 5.4405 | " 5.4405 | | 32|
clEnqueueReadBufferRect 0.012s 0.012s
[Outside any task]

Run VTune Profiler GPU
Hotspots to try to identify
the source of our low
GPU utilization and stalls.
Click on the graphics tab
in GPU Hotspots and you
can see a high-level
diagram of your
architecture.

INTEL VTUNE PROFILER

intel
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Intel ®VTuneL Profiler for Intel GPUs Y Timelines for
Correlation

|dentify too much or Correlate GPU
too little kernel activity with kernels
activity and threads

Architecture Diagram = Platform

Scale Markers:
== Sync

matrix_multiply (T1D: 8559) 7 [Thread
| Threas

| [l Running

#| GPU Engines Usage
Render and GPGPU

#| [ ] User Tasks

«| = Computing Task

¥ GPU Execution Units
EU Arrays
o i Active

- ~ P o |dle
L3 <-= GTI Total Band.. B697.655
o g Stalled

GPU Texture Sampler
# GPU Computing Threads

GPU L3 Cache Bandwidth an... =~ Computing Threads Start

GPU Shared Local Memory ... #| GPU EU Instructions

GPU Utilization ~~ FPU Utilization
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Intel®VTunel Profiler for DPC++ Code

Wt | at | de | he

# Computing Task Data Transferred EU Array
A Source - : : ;
Total Time | Average Time | Instance Count | Size | Total GBisec | Active | Stalled | Idie
o coTT— ST oo TooOT TS T
: dlr.parallel_fo 3 3 : . Range dpcpp: :id d 5.484s | 5.484s | 1] | | 53.9% IR 0.0%
184 {
185 size_t i = id[®8], j = id[1];
186 Performance metrics
- otk at the DPC++
188 for (size_t k = 0; k < w; k++)
189 { statement level
190 ¢ += ra[i][k] * rb[k][i];
g 1
149 I
Assembly I = ¥ ¥ 4 e Assembly grouping:| Address MBS
Addr... & |Sour... | Assembly
» & Source o 0X10 183 (W] OF (I[MUJ Cre.u<I>: U0 Cru.U<u; L, U5 00 UX4CUTUW {SWITCH}
179 auto ra = bA.template get_access<dpcpp:: 0x20 183 (W) mul (1|M@) r5.@<1>:d r14.1<@;1,0>:d r97.6<0;1,0>:d
180 auto rb = late get_access<dpcpp: 0x30 183 (W) mul (1|MB) r23.0<1>:d r14.0<0;1,0>:d r97.1<0;1,0>:d {Compacted}
181 auto rc = bC.template get_access<dpcpp:: r:1discard_v 0x38 mov (16]M0) ro8.e<1>:f 6x0:f
182 0x48 mov (16|M16) rle0.0<1>:f Ox0:f
183 hdlr.parallel_for<class MatrixMultiply3=(matrixRange, [=](dpcpf 5.484s 0x58 e I B CLELGRETAG FEEE R PRI GBEREfL,
184 { 0x68 188 add (8|M8) ri17.0<1>:q r3.8<8;8,1>:uw r5.8<0;1,0>:ud - I N
185 size t i = id[®], j = id[1]; 0x78 188 add (8|M16) r19.06<1>:q r4.0<8;8,1>:uw r5.0<0;1,8>:ud
186 0xB88 188 add (8|M24) r21.6<1>:q r4.8<8;8,1>:uw r5.0<0;1,8>:ud ADIE 0
187 Tc={}; 0x98 188 add (8|M@) r24,0<1>:q r1.0<8;8,1>:uw r23.0<0;1,0>:ud
aq 7 : a _ OxaB 188 add (8|M8) r26.0<1>:q r1.8<8;8,1>:uw r23.0<0;1,0>:ud a a a
{ 0xb8 188 add (8|M16) r28.0<1>:q r2.0<8;8,1>:uw r23.0<0;1,0>:ud
¢ += ra[i] [K] rb[kI[3]; 0xc8 188 add (8|M@) ri1e3.0<1>:q ri15.0<4;4,1>:q r7.1<0;1,60>:ud
¥ : B Oxd8 188 add (8|M8) r105.0<1>:q r17.0<4;4,1>:q r7.1<0;1,0>:ud
re[il[i] = c; OxeB 188 add (8|M16) r107.0<1>:q r19.0<4;4,1>:q r7.1<0;1,0>:ud
oo - 0xi8 188 add (8|M24) r109.0<1>:q r21.0<4;4,1>:q r7.1<0;1,0>:ud
T 0x108 188 add (8|M24) r30.0<1>:q r2.8<8;8,1>:uw r23.68<08;1,0>:ud
on ! 0x118 (W) mov (1]|MB) r162.0<1>:q O:w




Intel® Advisor
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Rich Set of Capabillities for High Performance Code Design

Intel® Advisor

Roofline Analysis

Design offload strategy and

model performance on
GPU. for memory and compute.

Optimize your application

Vectorization
Optimization

Enable more vector
parallelism and improve its

efficiency.

Thread Prototyping

Model, tune, and test

multiple threading designs.

.:.l—<:

Build Heterogeneous
Algorithms

Create and analyze data

flow and dependency

computation graphs.
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Offload Modeling
With Intel® Advisor
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Intel® Advisor- Offload Modeling

A Run on CPU or
GPUY Predict for
GPU

A Helps to define
which sections of
the code should

run on given

accelerator *
A Provides

performance

projection on
accelerators
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